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This Special Issue documents not only the more recent progress made in detecting and attributing
changes in temperature and precipitation extremes in the observational record, but also in projecting
changes in such extremes at regional and local scales. It also deals with the impacts and other con-
sequences and implications of both the historic and anticipated changes in extreme weather and climate
events. Impact assessments using both dynamical downscaling and statistical modelling for two tropical
cyclones are reported, as well as for storm surge and extreme wave changes. The Special Issue concludes
with a consideration of some policy implications and practical applications arising from our relatively
robust understanding of how the build up of greenhouse gases in the Earth’s atmosphere affects weather
and climate extremes.
& 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Changes in extreme weather and climate events are among the
most serious challenges to society faced with living in a changing
climate. These events have substantial and widespread con-
sequences (e.g. Karl et al., 2008; IPCC, 2012). Incentive for this
Special Issue had many origins, including recent advances in
documenting, attributing and projecting changes in rapid- and
slow-onset extreme weather and climate events. There has been a
concomitant increase in our understanding of the policy and
practical implications of the observed and anticipated changes,
with this improving our ability to reduce the adverse con-
sequences of such events.
A brief historic overview provides a baseline against which
these recent developments can be judged. This Special Issue will
show just how rapid and constructive they have been. Until the
early 1990s scientiﬁc understanding and computational methods
allowed only general statements to be made about changes in the
average values of key climate parameters such as temperature,
precipitation and sea level. This was despite it being widely re-
cognised that most of the adverse consequences of weather and
climate are associated with extreme events, and hence the critical
need to know how these might change along with any changes in
the average conditions (IPCC, 1990; Weart, 2008).
Signiﬁcantly, the IPCC’s First Assessment Report (IPCC,1990)n open access article under the CCnoted that there was no evidence of an increasing incidence of
extreme events over the previous few decades, despite a modest
increase in average temperatures since the 1950s. Indeed, some
evidence pointed to recent decreases.
With regard to the future, the report noted: “With the possible
exception of an increase in the number of intense showers, there is
no clear evidence that weather variability will change in the fu-
ture. In the case of temperatures, assuming no change in varia-
bility, but with a modest increase in the mean, the number of days
with temperatures above a given value at the high end of the
distribution will increase substantially……. the number of very hot
days or frosty nights can be substantially changed without any
change in the variability of the weather….. If the large-scale
weather regimes, for instance depression tracks or anticyclones,
shift their position this would effect the variability and extremes
of weather at a particular location, and could have a major effect.
However, we do not know if, or in what way, this will happen”.
Despite serious attempts to clarify the situation, the models
available in the early 1990s were ill suited to providing estimates
of future changes in the frequency, intensity and duration of spe-
ciﬁc extreme weather events. Thus the IPCC’s Second Assessment
Report (IPCC, 1995) did nothing more than conclude that small
changes in the mean climate, or in climate variability, can produce
relatively large changes in the frequency of extreme events.
By the time of the IPCC’s Third Assessment Report (IPCC, 2001)BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. The nine substantive papers in the Special Issue cover a range of themes, from detection and attribution to elaboration of policy and practical implications.
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frequency, intensity, and duration of extreme events, such as more
hot days, heat waves, heavy precipitation events, and fewer cold
days, to be attributed to increasing atmospheric concentrations of
greenhouse gases. Strong statements about extreme weather and
climate events became a key feature of IPCC and other impact
assessments from this time on. These included warnings that
greenhouse gas forcing in the 21st century could set in motion
large-scale, high-impact, non-linear, and potentially abrupt and
irreversible changes in physical and biological systems over the
coming decades to millennia.
Widespread changes in the instrumental record of extreme
weather events such as droughts, heavy precipitation, heat waves
and the intensity of tropical cyclones were noted in the IPCC’s
Fourth Assessment Report, with these changes showing “discern-
able human inﬂuences” (IPCC, 2007). This assessment also con-
cluded that simulation of extreme events, especially extreme
temperature, had improved but models generally simulate too
little precipitation in the most extreme events. Simulation of ex-
tratropical cyclones has also improved, to the extent that some
models used for projections of tropical cyclone changes can si-
mulate successfully the observed frequency and distribution of
tropical cyclones. As a result, projections of changes in extremes
could be better quantiﬁed than was the case at the time of the
Third Assessment Report, in part due to improved models and a
better assessment of model spread based on multi-model
ensembles.
The IPCC’s Special Report on Extremes (IPCC, 2012) provided
the opportunity to consider weather and climate extremes from
much wider perspectives than previously. This included empha-
sising that the character and severity of impacts from climate
extremes depend not only on the extremes themselves but also on
exposure and vulnerability. While observed changes in weather
and climate extremes reﬂect the inﬂuence of anthropogenic cli-
mate change in addition to natural climate variability, changes in
exposure and vulnerability are inﬂuenced by both climatic and
non-climatic factors. Thus future changes in exposure, vulner-
ability and climate extremes resulting from natural climate
variability, anthropogenic climate change, and socioeconomic de-
velopment can alter the impacts of climate extremes on natural
and human systems and the potential for disasters.
Research ﬁndings assessed in the Special Report showed that
conﬁdence in projecting changes in the direction and magnitude
of climate extremes depends on many factors, including the type
of extreme, the region and season, the amount and quality of
observational data, the level of understanding of the underlyingprocesses, and the reliability of their simulation in models. In
general, projected changes in climate extremes under different
emissions scenarios were found to not strongly diverge in the
coming two to three decades. But over this time frame the effects
of increasing greenhouse gas concentrations are relatively small
compared to natural climate variability. Thus even the signs of
projected changes in some climate extremes over this time frame
were uncertain. By the end of the 21st century either model un-
certainty or uncertainties associated with emissions scenarios
used were dominant, depending on the extreme.
The IPCC’s Fifth Assessment Report (IPCC, 2013) noted the
substantial recent progress in the assessment of extreme weather
and climate events, with the simulated global-mean trends in the
frequency of extreme warm and cold days and nights over the
second half of the 20th century now being generally consistent
with observations. Human inﬂuence had been detected in changes
in some climate extremes, with substantially stronger evidence
compared to that which was reviewed in the previous Assessment.
It was considered likely that human inﬂuence had more than
doubled the probability of occurrence of heat waves in some lo-
cations. More frequent hot and fewer cold temperature extremes
over most land areas on daily and seasonal timescales were con-
sidered to be virtually certain, with it being very likely that heat
waves will occur with a higher frequency and duration. But oc-
casional cold winter extremes will also continue to occur. It was
thought to be very likely that extreme precipitation events over
most of the mid-latitude land masses and over wet tropical re-
gions would become more intense and more frequent by the end
of the century,
This Special Issue documents not only the more recent progress
made in detecting and attributing changes in temperature and
precipitation extremes in the observational record, but also in
projecting changes in such extremes at regional and local scales
(Fig. 1).
A recent development, that of event attribution, is discussed.
This is where individual extreme events are analysed for the ex-
press purpose of assessing whether that event was directly inﬂu-
enced by anthropogenic forcing of the climate system.
The second half of the Special Issue deals with the impacts and
other consequences and implications of both the historic and an-
ticipated changes in extreme weather and climate events. Impact
assessments using both dynamical downscaling and statistical
modelling for two tropical cyclones are reported, as well as for
storm surge and extreme wave changes. Such impacts, as well as
the approximately threefold increase in the number of loss relevant
natural catastrophes worldwide within the last 35 years, have
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insurers have to ensure that premiums for the risks they cover al-
ways reﬂect a dynamic hazard pattern. This requires investing more
resources into analyses of trends and causal attribution.
The Special Issue concludes with a consideration of some policy
implications and practical applications arising from our relatively
robust understanding of how the build up of greenhouse gases in
the Earth’s atmosphere affects weather and climate extremes.
Policies and planning must go well beyond considering just these
hazards alone. This is illustrated by a case study of the 1950s U.S.
drought. It shows that the prevailing socioeconomic conditions
limited responses to this extreme climate event. Similarly, mana-
ging the health risks of climate variability and change requires that
extreme events be seen not only as hazards but also as sources of
vulnerability. This is because such events can, for example, affect
an individual’s mental health as well as longer-term access to
health care.
In conclusion, it is the hope of all authors of this Special Issue
that the original research reported here, as well as their assessment
of earlier work, will ﬁnally lay to rest assertions such as “wild claims
trying to link extreme weather with climate exist only as a re-
cruitment tool for climate activists and zealots” (Watts, 2014).References
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